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I n t r o d u c t io n

The present paper is offered as a contribution  to the already volum i
nous lite ra tu re  on the  origin of the  basins of the Great lakes in  the belief 
th a t the  m atter here presented not only is of great im portance in  the 
a ttem pt to find a correct solution of thfe problem , bu t also because, so far 
as the  w riter’s study  of the  lite ra tu re  has gone, the facts here set forth 
have been largely overlooked in  the  earlier studies of th is question. In
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a  paper published three years ago the w riter very briefly outlined some 
of the  facts and conclusions given h e re in  more detail.* The im portan t 
bearing which the  studies th en  m ade appeared to  have on the  origin of 
the  Sain t Lawrence outlet from lake O ntario led him  to delay fuller p u b 
lication un til he had been able to continue and  extend th e  field work 
begun a t th a t time. D uring the  past two sum m ers every locality m en
tioned in  the context has been visited, and  in  m any cases the  w riter has 
been able to revisit (in a few instances several times) critical points after 
th e  first draft of th is paper was prepared. The absence of good m aps of 
any k ind  for the  province of O ntario, except some old county  m aps of 
th e  eastern portion of the province, has greatly  ham pered the work and  
necessitated longer an d  m ore detailed work in  the field th an  would 
otherwise have been necessary.

The published sheets of the topographic m ap of the  adjacent parts of 
New York state have proved of great assistance. As m ight be expected, 
th e  topography on the C anadian side of th e  Saint Lawrence is very sim 
ila r to  th a t across the boundary . One of the  maps, w hich accom panies 
th is  paper (plate 8), prepared from the New Y ork topographic m ap of a 
portion of th is area, will thus serve to illustra te  the  type of bed-rock 
topography th a t is characteristic of th e  whole region un d er discussion.

T he w riter is indebted  to  Dr F . J .  H . M errill, S tate Geologist of New 
York, for copies of the Sain t Lawrence sheet of the geologic m ap of New 
Y ork state, and  to L ieu tenant Colonel Anderson, Chief Engineer, De
partm ent of M arine and  Fisheries, Ottawa, for very detailed profiles from 
w hich the  sections across the  bay of Q uinte were prepared. Above 
water-level the sections were surveyed by  the  writer. The o ther m aps 
which accom pany th is paper were prepared from the adm ira lty  charts 
of th e  bay of Q uinte, the  charts of lake O ntario and  the  Sain t Lawrence 
river, published by the W ar D epartm ent, W ashington, and  from county 
m aps.

The discussion deals w ith the  topographic features of th a t portion of 
th e  province of O ntario w hich lies east of lake Simcoe and  north  of lake 
O ntario, together with th a t portion of New York state w hich borders on 
the  eastern end of lake Ontario. The eastern lim it of the  area is the  
T housand  Island  group.

G e o l o g y  o f  t h e  A r e a  u n d e r  D isc u ssio n

TH E  BEDROCK GEOLOGY

As is well known, Sain t Lawrence river, in  the vicinity  of th e  T housand

* A. W. G. W ilso n : Physical Geology of Central Ontario. Trans. Can. Inst., vol. v ii, 1900-’0l, p. 168 
et seq.



TH E  BEDROCK GEOLOGY 213

islands, crosses the Frontenac axis, a narrow neck of Archean rocks which 
connects the Adirondack region with the greater Archean areas of Canada. 
The Archean rocks, of which the Frontenac axis forms a part, underlie 
the eastern, northeastern, and northern part of the area under discussion. 
West and south of the Archean areas the region is underlain by rocks of 
Ordoviciaaage, chiefly Black River or Trenton limestones. Outcropping 
from beneath the Black river, and also occurring in several cases as out
liers on the Archean areas, are a few feet of sandstones, some of which 
are classed as Potsdam. It is not impossible, in Ontario at least, where 
they are very much less well developed than in New York state, and are 
usually of a somewhat different texture, that they may be contempora
neous with the lower part of the Black River formation. In the present 
discussion these sandstones are only of relatively minor importance. 
The dominant topographic features of the region are controlled either 
by the limestone or by the Archean rocks.

PLEISTOCENE AND R E C E N T  GEOLOGY

In this locality, from the close of the Trenton until the Pleistocene, 
time is not represented by any deposits. Any that ever existed have 
long since been eroded away. The Pleistocene deposits are represented 
by typical boulder clay and by deposits of stratified sands and gravels. 
The distribution of these materials differs greatly in the different parts. 
Throughout the Archean portions of the region the deposits are confined 
largely to the depressions, with but very few scattered boulders or patches 
of till or sand and gravel on the sides or summits of the Archean ridges. 
In very few places does the amount of material deposited obscure the bed
rock topography of the Archean terranes, the thickness rarely exceeding 
a few feet. The deposits are an important factor in the modification of 
the topography of the Archean regions as to relatively unimportant 
detail but not as to general features.

On the other hand, in the parts of the region underlain by Ordovician 
rocks the conditions are in places somewhat different. In  the central 
parts of the district, on either side of the Saint Lawrence, the Pleistocene 
deposits form only a thin veneer, except very locally in a few cases. 
There are many large areas where almost bare rock is exposed for sev
eral square miles at a time. In very few cases does the soil cover exceed 
2 feet, except in the bottoms of some of the valleys, and very frequently 
not even there. As the measure of relief in the district under discussion 
often exceeds 150 feet, and thus in comparison with the thickness of the 
Pleistocene deposits is very great, it is possible to determine without the 
slightest doubt the nature and character of the bed-rock topography of
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those regions. In  New York state, south  of Stony creek (about 6 miles 
south  of Sacketts harbor), the bedrock topography becomes obscured 
by m orainic deposits. B ut even here, particu larly  in  the  vicinity of the 
lake shore, certain  of the  features whose presence would be expected 
from  th e ir occurrence farther north  are found to be present, partly  ob
scured by drift i t  is true.

In  O ntario the  area whose bed-rock topographic features can be accu
rately  determ ined includes the whole of Prince Edw ard county. H ere, 
although there is abundance of drift as a th in  veneer, the farm er in 
plowing is often tu rn ing  over more or less decayed rock, unquestionably 
in  situ, w hich the w riter regards as probably of pre-Glacial origin, a 
question to which reference will be m ade below. The heavy m orainic 
deposits of central O ntario lie close to the  lake from near Toronto to the 
vicinity  of Trenton. A t Trenton th e ir southern  edge tu rns inland, and 
they  extend eastw ard to near the village of Croydon. N orthw ard they 
reach alm ost to the edge of the Black River lim estones a t the borders of 
th e  A rchean ; b u t they  are not continuous, num erous exposures of bed 
rock being know n north  and  east of Trenton. South and east of the 
line between Croydon and Trenton the  character of the  bed-rock topog
rap h y  can be determ ined w ithout difficulty. All along the line of con
tac t between the  Black River limestones and  the Archean, w ithin the 
lim its of the  area under discussion, from th e  south of Carthage, in  New 
Y ork state, to west of lake Simcoe, in  Ontario, the topographic features 
of the  lim estones are practically unobscured by drift. Outcrops w ith 
ou t cover of any k ind  are very frequent, particu larly  in  the province of 
Ontario, where there seems to be m uch less drift cover th an  over the 
sim ilar region in  New York.

Glacial or post-Glacial movements have produced one very im portan t 
change. The present a ttitude  of the region is not th a t which it  had a t 
the tim e the  topographic features it now possesses were produced. There 
has been local differential m ovem ent w hich has modified the original 
relative a ttitudes of the different parts of the region. Probably there 
was a t the same tim e a considerable am ount of regional m ovem ent by 
w hich the  general a ttitude  (w ith respect to sealevel) of the  whole area 
was altered to its present position, accom panied by certain modifications 
of the  drainage lines. Recent process has effected only m inor and  local 
changes, such as the partia l erosion of portions of the drift deposits or 
the  local .modification of the topography where differential movements 
or other causes had  produced lake basins. One of the  m ost noticeable 
of these recent changes is the  blocking of th e  lower reaches of a num ber 
of partly  submerged valleys by the form ation of bars across the ir ends,
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th u s producing a series of small lakes bordering the eastern end of lake 
Ontario.

T o p o g r a p h ic  F e a t u r e s  o f  t h e  C o u n t r y  E a st  a n d  N o r t h e a s t  o f

L a k e  O n t a r io

G ENERAL DESCRIPTION OF TH E TOPOGRAPHY

The topography of the  portion of the area underlain  by Archean rocks 
is th a t of one of the  p artly  dissected pre-Ordovician facets of the Lau- 
ren tian  peneplain.* In  th is particu lar locality i t  is characterized by 
the occurrence of longitudinal, often steep-sided, more or less rounded 
or dom ed ridges, with deep valleys between, characteristic of the Archean 
areas where they are bordered by the  Paleozoics. The m axim um  relief 
rarely  exceeds 150 feet. The lower portions of the depressions often 
form lake basins, and the longitud inal valleys are usually  the basins of 
stream s. A reference to  the  accom panying areal m ap (p late 5) will 
show the general longitudinal d istribu tion  of the  water bodies, which, 
in  the  absence of contour topographic m aps, will serve as a valuable 
index to the  nature  of the topography.

In  detail it  is found th a t between the m ajor longitudinal valleys of 
the A rchean areas the general surface of the  tops of the intervalley ridges 
(where these are  not too narrow ) is m am m illated or undulating. Every
where the  tops and  often the sides of the  ridges have been sm othered 
and  scoured, and  all now present a surface of relatively fresh rock. As 
has been pointed out elsewhere,t the m ain  topographic features, includ
ing this last characteristic, are probably in  all their essential features of 
pre-Ordovician date.

The O rdovician limestones lie w ith a very gentle dip away from the 
Archean areas. N orth of the  east end of lake Ontario the  dip is ap
proxim ately  southw est. E ast of lake O ntario it is more westerly. Espe
cially near the Archean regions there are local undulations and other 
irregularities caused by the unevenness of the  floor on which the sedi
m ents were laid  down. Subsequent to the ir deposition and  before the 
present drainage lines were developed, erosive processes planed off the 
region, producing a nearly  even surface, truncating  the beds a t a slight 
angle both  w ith the dip and w ith the  line of strike, leaving the im bri
cating edges of the  different beds pointing toward the old land. T hat 
surface has now become som ewhat w arped, the  lowest part being in  the 
vicinity  of the  valley of the Saint Lawrence river. The general slope of

*A. W . G. W ils o n : T h e  L a u re n tia n  P e n e p la in . C liicago  J o u rn a l of G eology, vol. x i ,  1903, p. 615 
e t  seq .

f  C h icago  J o u rn a l  o f  G eology, loc . c it., p . 656.
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th e  up land  or intervalley areas north  of lake O ntario is to  the  south, or 
toward the lake. All the present valleys north  of lake Ontario, w hich 
have been cut in  the  lim estone, slope toward the southw est—not, how
ever, always in  accordance with the  dip, though they  are in  accordant 
positions w ith each other. H ence the grade of the  valley bottom s is 
m uch less th an  the slope lakew ard from the A rchean areas, th e  length 
of the valleys being thus proportionally  longer th an  the  line of m ax i
m um  slope from the ir heads near the  Archean to the  nearest p a rt of the 
lake into w hich flow the stream s occupying the bottom s of the  valleys. 
The direction of flow of the  present stream s is no t th a t which they  would 
norm ally assum e in  consequence of the  slope of the  general surface of 
the country.

In  New York, on the o ther hand, the dip of the slope-plane of the bo t
toms of the  valleys is in  nearly  the  same direction as th a t of the  p lane 
of the  dip, and th a t of the  p lane of the up land  surface, b u t th e  three 
different planes are a t slightly  different angles to the  horizon, th a t of the 
d ip  being greatest, and  th a t of the  valley bottom s least. In  O ntario the 
direction of slope of the  valleys is in  a direction accordant w ith the  sim 
ilar valleys developed to the  south of the  Saint Lawrence in  New York. 
In  Ontario these differences in  direction of slope between th e  general 
surface, the  plane of the valley bottom s, and  the  plane of the  d ip  are so 
well m arked in  places th a t in  the field thé discordances can read ily  be 
rcognized by th e  eye alone.

Subsequent to their p lanation  the limestone areas m ust have been 
uplifted and  partly  dissected, as in  the ir present a ttitu d e  we find th a t 
they  present a well m arked cuesta front tow ard the old land, and are 
dissected by a well developed system  of valleys to whose existence refer
ence has already been made. The valleys and  the lowland in  front of 
the cuesta are regarded as of later date th an  the plane w hich bevels off 
the  up land  surface, since there is everywhere a well m arked discordance 
between the gradient curves of the  valley sides or cuesta front and  the 
very m uch flatter surface curves of the  even uplands.

The cuesta front as i t  now appears is often a steep, inaccessible cliff. 
The height varies up  to a m axim um  of about 150 feet. The crest of the 
cuesta is usually  formed by heavy-bedded Black River limestones. A t its 
base there are often found softer calcareo-arenaceous, a t tim es argillaceous, 
beds. These latter, or else sandstones of Potsdam  age, often underlie  the  
narrow belt of low land which lies in  front of the cuesta, between it and  
the  oldland. In  O ntario the lowland in  front of the  cuesta is also fre
quently located on Archean rocks. These low land areas often form 
basins, in  which are located small, shallow lakes.

The valleys which lie on the limestones are of two types—those which
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discharge waters from the inner low land in to  the O ntario lowland, and 
th u s  traverse the lim estone belt, and  those whose catchm ent basins are 
located wholly on the lim estone uplands.

In  general it  is found th a t the  upper parts o f the  valleys of the  first 
ty p e  are very steep-sided and  flat-bottom ed where they  traverse the 
cuesta. In  m any cases both sides are inaccessible, though not necessarily 
vertical, cliffs as m uch as 125 feet in  height, w ith a flat-bottomed valley 
betw een. The w idth of the  valley varies somewhat, bu t rarely exceeds 
a m ile and  a h a lf  or is less th an  h a lf a mile. In  m ost cases the  upper 
p a rts  of these valleys, near w here they  pass th rough  the  cuesta front, 
form  the  basins of long, narrow  lakes. Such lakes as those on the Cata- 
raqu i creek above K ingston m ills, Collins lake, Loughborough lake, 
Sydenham  lake, and  several others in  O ntario  are of th is  type. The 
water seems in  some cases to be held  back by  a drift dam , which partly  
blocks th e  lower p art of the  valley. Certainly in  some cases, in  all prob
ab ility  in  m ost cases, the  present lake basin is a rock basin and  the ex
istence of the  present lake is due either to w arping or possibly to differ
en tia l erosion by ice.

These valleys in  their lower reaches toward the lake become broader. 
I n  New Y ork the sides usually  have about equal slopes, the  general trend 
of the valley being in  the same direction as the  dip of the rocks. N orth 
of lake O ntario, however, where the  trend  is no t always accordant with 
th e  dip, in  m any instances the  southeast side of the lower portion of a 
valley is m uch steeper th an  th e  northw est side. M any of the  valleys are 
bounded by a well m arked rock escapement, w hich m ay be traced from 
th e  cuesta front along th e  valley side alm ost to  lake Ontario. In  their 
lower reaches the breadth  of th is first type of valley m ay be as m uch as 
5 miles. The in tervalley up lands in  ground p lan  will thus have the 
form of a  scalene triangle, with the  base a t the cuesta front and the  apex 
of the triang le  pointing tow ard lake Ontario. The in land portions nearest 
the  cuesta are broad and flat, w ith very little or no soil cover. As the 
valley widens the gradual encroachm ent of adjacent sides of neighboring 
valleys narrows the  flat in tervalley area. In  places, however, it so well 
retains its  character th a t it  ends in  a wedge po in t which can be located in 
th e  field w ithout difficulty, w here the  encroaching gradient curves of ad
jacen t valley sides have met. In  a few places close to the  discharge point 
of th e  presen t valleys on th e  bay  of Q uinte th e  present surface of the 
in tervalley  ridge will thus lie below the  p lane of the up land  surface. 
T he m ajority  of these valleys can be traced by a id  of the  soundings for 
some distance out from the  shoreline and  under the  waters of the present 
lake Ontario.

The valleys of the  second type, w hich head on the up land , are, in  their
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upper reaches, mere flat shallow depressions on the lim estones. As we 
descend any  one of them  we find th a t it gradually  deepens; usually  its 
southeast side soon becomes m arked by a low cuesta-like escarpment, 
w ith a steep slope toward the valley and  a gentle slope away from the 
crest. The northw est side is less steep th an  the other, b u t is steeper 
than  the norm al outer slope of the  m inor cuesta which forms the sou th 
east side of the  n ex t adjacent valley northwestward. The valley has 
been formed by  an  incision of the rocks, and  the  difference in  slope of 
the  two sides is due to the  relation existing between the direction of the 
valley and  the d ip  of the rocks. These valleys slope, as do those of the 
first type, in  a direction a little  to the  south  of the strike of the rocks, 
b u t no t in the direction of the dip. There are some special cases which 
will be referred to in  the  m ore detailed discussion of the  T ren t River 
system  in a subsequent section.

I t  very frequently happens th a t valleys of the first type are continuous 
w ith longitudinal valleys developed on th e  Archean areas, and  the head- 
valley lake often occupies a basin part of which is underla in  by Archean 
rocks. The depth  of the  upper p art of these valleys is in  p a rt con
trolled by the relatively harder A rchean rock, the  la tte r often being 
exposed in  the bottom  of a valley some miles away from the  cuesta front, 
while the  valley walls are of limestone.

SPECIAL DESCRIPTIONS

Trent river proper.—The m ost im portan t stream  in the  region is the 
T ren t river. W hat is usually  considered as the main stream  of the river 
system  heads in  a sm all lake in  the  L aurentian  region of central H ali- 
burton  county. This stream , know n as the G ull river, flows southw est 
in  a valley bounded by Archean rocks to Mud Turtle lake, a partly  
flooded valley of the first type, noted above. Between here an d  Balsam 
lake the  stream  continues in  th is valley. Balsam  lake is a broad shal
low depression, located on the Black River cuesta, in  w hich the  river 
expands. Between Balsam lake and lake O ntario the  stream  follows a 
very rem arkable zig-zag course, alternately  occupying an  old more or 
less drift-blocked rock-bound valley, usually  of the  first type here de
scribed, and  flowing in  a new channel across one of the  intervalley areas. 
In  these old valleys it u sually  expands to  form lakes. Following down 
stream  from Balsam lake, these lakes are nam ed respectively Cameron, 
Sturgeon, Pigeon, B uckhorn, Love Sick, Deer, Stony, Clear, K atche- 
w anaka, and  Rice. Scugog lake and Chemong lake also belong to  the 
system , though they  are no t on the direct line of the m ain  stream . Be
tween these various lakes, excepting the last two, K atchew anaka and  
Rice, the stretches of runn ing  w ater are very short and  are not u sually
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given any  specific name. Between K atchew anaka and  Rice lakes the 
m ain stream  is called the  Otonabee river. Below Rice lake to  Trenton 
it  is called the  T ren t river. From  Trenton to  lake O ntario it  is usually  
called th e  bay of Q uinte. I t  is thus found th a t the T ren t is really  a 
very com plex system  of valleys, and  a more detailed description and  
discussion is given in  the  special paragraphs on the  T ren t River system.

The following table gives the elevation above sealevel of each of the 
m ore im portan t lakes of th e  T ren t River sy s tem :

F e e t
B alsam ...........................................................................................  609
C am eron........................................................................................  606
Sturgeon.........................................................................................  581
P igeon ............................................................................................ 575
B uckhorn .................................................................................... 575
Chemong.......................................................................................  575
D eer...............................................................................................  565
S to n y .............................................................................................  539
C le a r .............................................................................................  539
K atchew anaka.............................................................................  548
Rice.................................................................................................  378
O ntario...........................................................................................  247

Prince Edward County topography.—Two of th e  principal valleys, whose 
union forms the bay  of Q uinte as it  now is, have had a notable effect on 
the  developm ent of the  topography of th a t p a rt of the d istric t known 
as Prince Edw ard county. The two parts of the  bay, know n respectively 
as the Long reach (or the N inem ile reach) and  the Twelvemile reach, 
converge southw estw ard tow ard Picton bay. Southw est from Picton to
ward E ast lake they  continue as a single well m arked valley, partly  
drift blocked a t Picton, w ith a steep, often cliffed, wall on th e  southeast 
side. The Long reach has intercepted any  drainage w hich norm ally 
would have crossed Prince Edw ard from the noijtheast, and  so we find 
th a t its western wall is m arked by a cliff whose present he igh t above 
waterlevel is about 150 feet, or whose crest rises about 185 feet above the  
bottom of the  now partly  subm erged valley. There are b u t two m inor 
obsequent stream s th a t have barely incised notches in  the  cliff front. 
On the up land , west of the  Long reach, head several sm all stream s whose 
valleys belong to the  second type of valley m entioned above. I n  cross
ing Prince Edw ard county tow ard the southeast, ten well m arked low 
cuestas, including the  one between E ast lake and  Picton bay, w ith north  
facing steep fronts and  gentle south d ipping back slopes, are m et w ith, 
besides a few of m inor im portance. I t  has not y e t been possible to carry 
th e  detailed study  of the  topography far enough to determ ine the in ter
relations of all of these valleys whose existence is thus indicated , bu t

X X I X — B u l l .  G e o l .  S o c .  A m , ,  V o l .  15, 1903



2 2 0 A. W. G. WILSON— TRENT R IV E R  SYSTEM

th e  m ain  features have been determ ined. The m inor cuestas between 
Consecon lake and W est lake, four in num ber, are the  southeast sides of 
valleys of the second type which head on the up land  adjacent to the 
Long reach. The cuestas north  of Consecon lake are associated w ith the 
com plex system of valleys, parts of which form the present bay of Q uinte, 
between Trenton and the Long reach. Those south of E ast lake, except 
the  one im m ediately adjacent to  the  lake, are also associated w ith v a l
leys of the second type.

Other rivers in  the province of Ontario.—T ribu tary  to the bay of Q uinte 
there are a num ber of o ther stream s traversing valleys of the  types here 
described. The largest of these is the  Moira. H eading on the  Archean, 
it  runs southw est to the  cuesta front a t a po in t 5 miles west of the  village 
of Madoc. The m ain stream now tu rns eastward along the lowland in  
front of the cuesta, expanding slightly  a t Moira lak e , to Stoco lake, also 
in  front of the  cuesta. From  here it  passes into the cuesta through one 
of the  valley openings of the first type and continues along the depres
sions for several miles. The lower portions of the  valley  are blocked by 
heavy accum ulations of drift, and  the river has taken a new channel, 
not directly associated w ith any  of the old rock valleys, though i t  reaches 
to  bed rock in several places. In  the vicinity  of Plainfield the Moira 
receives an  im portan t tribu tary  from the  northeast. This tribu tary  
heads in  a direct line w ith Beaver lake, and  occupies a valley which 
m ay be the lower course of an old valley of which Beaver lake m arks 
the  site of the  upper narrow portion, the  part between being drift- 
blocked. There are also several tribu ta ry  stream s of m inor im portance 
heading on the lim estone uplands and occupying rock valleys which 
have well defined sides near the ir junction  w ith the  m ain valley.

O m itting further reference to several m ino r stream s, the nex t river of 
im portance is the  Salm on river. This heads in  Beaver lake a little  west 
of Tam w orth and  crosses the  lim estone area in  a well defined straight 
valley, easily traceable by its high, well m arked rock scarps the  whole 
way across. The Napanee river, Big creek, Mill creek, Collins creek, 
and  C ataraqui creek a ll cross the  lim estone regions in  definite, straigh t 
rock-sided valleys of the first type. Between these stream s, and  also in 
some cases tribu tary  to them , are several m inor stream s occupying val
leys of the second type. In  the case of C ataraqui creek, it is interesting 
to  note th a t in  cutting downward the stream  w hich carved the valley 
encountered an Archean ridge buried in  the limestone, through which 
it  has carved a narrow canyon (a t K ingston m ills), the valley on the  
lim estones above and below being m uch broader th an  here—a typical 
“ sh u t in  ” of the  Missouri type, in  fact.
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Rivers in New York state.—The B ateau channel of the  Saint Lawrence 
river below K ingston is a p artly  subm erged portion of the  eastern end 
of the Twelve Mile reach of the bay of Q uinte. The Am erican channel, 
as will be shown subsequently, is also one of those subm erged valleys. 
Between cape V incent and Sacketts harbor a num ber of southwest-flow
ing stream s occupy well defined rock valleys. Of these Chaum ont river, 
Perch creek, and  the Black river cross the  lim estone areas in  valleys of 
the  first type. Mud creek, Muskalonge creek, and a few other m inor 
stream s occupy valleys of the second type. The m ost im portan t of these 
stream s is the Black river, which to the south of Carthage flows for a 
long distance in  the position of a norm al subsequent stream  along the 
lowland between the lim estone cuesta and the A dirondack oldland. 
South of Sacketts harbor there are a  num ber of southw esterly flowing 
stream s all of which head on the upland, and  m ost of w hich show in 
parts a t least th a t the  valleys which they occupy, though more or less 
drift-blocked, are of the types here described. A m ore detailed reference 
to them  is no t necessary in  the present discussion.

Enough has already been said to show th a t on either side of the 
presen t Sain t Lawrence outlet we have a well m arked system of south
west trending rock-walled valleys, w ith a num ber of sim ilar rock-walled 
m inor valleys tribu ta ry  to them  and jo ining them  a t accordant levels.

Before describing these valleys more in  detail and before discussing 
their inter-relations and th e ir relation to the Saint Lawrence outlet, it 
will be well to consider the  question of the ir probable origin and its date.

O R IG IN  OF THE BEDROCK TOPOGRAPHY

T hat these valleys are due to norm al processes of stream  erosion is 
attested by the ir form and shape and by the uniform  accuracy of the 
adjustm ents between trib u ta ry  and m ain  valleys. N orth and  east of 
Trenton and west as far as the  headwaters of the  T ren t system , m any of 
these valleys are found more or less occupied by drift deposits. The 
lowest of these deposits, as shown in the section cu t by the  T rent river 
north  of Trenton and  in  num erous other sections along lake Ontario, is 
a clay till of w hat is probably the second glacial epoch. This till is 
overlain by other deposits of several interglacial and  glacial epochs re
spectively. Beneath the  till, which is ra ther widespread, the striated 
and  grooved rock surface is frequently found. I t  is certain th a t m any 
of the valleys—and thus by inference th a t all of them , since they are very 
closely alike in  form and  adjustm ent—antedate the  ice-sheet which de
posited the lowest till-sheet of central Ontario and produced the striated 
rock surface.
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The direction of m ovem ent of the  ice-sheet w hich produced the stria- 
tions on the uplands was to the west of southw est in Ontario. In  New 
York and in  the vicinity of the  T housand islands i t  is a little  more 
southerly, the  striae running about south 65 degrees west, true. T hat 
th is westerly direction, as shown by the  striae, is the general direction of 
the  ice m ovem ent is also shown by the  direction of the longer axes of 
the  very num erous and  large drum lins in  H untingdon  township, N orth 
H astings (county), and  elsewhere. The direction of the general m ove
m ent of the  ice on the uplands was quite independent of the  trend  of the 
valleys. In  some cases i t  has been parallel to  them , in  others across 
them  or a t various angles to the ir ax ia l lines. In  one locality, near the 
head of M ill creek, striae are found crossing obliquely downward into 
the  valley from the  northeast. A t th is locality  the  valley sides are steep 
cliffs and a t one poin t the ice in  its  descent into the  valley appears to 
have broken away a short piece of ihe crest of the  cliff, producing a  re
m arkably smooth curved surface a t the  very edge. Near the same local
ity , in  the bottom  of the valley about m idw ay between the walls, striae 
are found parallel to the valley sides an d  thus oblique to the  general 
direction of ice movement, showing th a t here a t least there was a local 
differential movem ent of the ice sheet, assum ing th a t these striae, which 
are bu t a few hundred  yards apart, are of contem poraneous origin.

In  another locality, ju s t west of the  tow n of Napanee, a cliff on the 
southeast side of the  valley of the N apanee river is scoured from base to 
sum m it, a  height of about 125 feet, although upstream  above and  down
stream  below the scoured area the sam e cliff shows no well m arked 
traces of glacial erosion. There is a  slight tu rn  in  the  direction of the 
cliff line a t the locality in  question, and  i t  is th is fact th a t probably led 
to the unusual am ount of scouring a t th is  place.

Again, on the north  side of the  Am erican channel of the Saint Law
rence river, about a m ile and a  h a lf  below Carleton island, there are a 
num ber of places where, in  passing down in to  the  valley, the ice has cut 
deeply into the  cliff crest of the  ancient and  now subm erged valley side, 
producing deep grooves or channels. One of these, a  type of them  all, 
is about 25 feet across, about 5 feet deep a t the  lowest point of the curved 
or rounded bottom. The angles w here the curve of the  bottom  in ter
sects the  striated fla t surface of the  ad jacent parts of the cliff on either 
side is d istinct and  clear. The block th a t carved th is channel was 
m oved down into the valley parallel to the direction of the general 
m ovem ent of the ice in  the locality, as shown by the num erous striae 
on the flat surfaces elsewhere in  the neighborhood. I t  entered the  val
ley in a direction m aking an  angle of about 45 degrees w ith its axial 
direction.
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In  ano ther locality on the second creek to the south  of C haum ont creek, 
in  New Y ork state, glacial striae on some m eander spurs show th a t the 
ice w hich m ade the  striae moved across several m eander curves deeply 
cu t in to  the lim estone w ithout m aterially m odifying th e ir  outline.

Some miles to the  west of the particu lar area under discussion, along 
th e  fron t of the Niagara escarpment, there are found a  few outlying 
areas, mesa-like, capped by Niagara lim estone usually , th a t have not 
been carried away by the  ice. One of these is know n as the M ilton out
lier and  is com pletely severed from the m ain  escarpm ent by a deep 
ravine. Others of sim ilar origin, with the valleys between them  and 
the  m ain  cuesta partly  submerged, form the  islands in  Georgian bay 
along the  east coast of the Bruce peninsula. O ther sim ilar outlying 
areas are  found in  m any localities in  front of the  Black River escarp
m ent. Often it is found th a t in  the rear of these outliers, when they lie 
some distance in  front of the cuesta, there is a long tra in  of loose angu
la r  blocks which have been dragged off the top  of th e  outlier by the ice 
in  its passage over the region.

In  very m any localities between Trenton an d  the  line of the Niagara 
cuesta till sheets of several succeeding ice transgressions are found to 
override th e  till of the earlier glacial transgressions and the  stratified 
gravels, sands, and  clays of the several succeeding interglacial epochs. 
I n  a num ber of cases, the  best know n being th a t east of Toronto, a t 
Scarboro, though several others occur farther east, i t  is known th a t 
there  was a period of erosion, during w hich broad valleys were carved 
in  the interglacial deposits w hich succeeded th e  lowest till sheets. The 
ice-sheet which deposited the sheets of till o ther th an  the  lowest trans
gressed these valleys cu t in  the  interglacial deposits, and in  some cases 
p artly  filled them  with till. In  descending in to  them  i t  seems to have 
created little  or no disturbance of the  underly ing  soft m aterials. In  
ascending on the  opposite side it has crinkled and  crum bled some of 
the  s tra ta  where there were com petent clay m em bers to carry  the th ru st 
for some little  distance back from the  side of the valley in  question 
In  no case does it appear to have seriously modified the  preexisting 
topography by extensive erosion of these soft deposits.

The relations of the  various till-sheets and  interglacial deposits between 
T renton and  H am ilton  show th a t during  the tim es of transgression of 
the  ice, o ther th a n  the first, i t  passed over very soft deposits, some of 
which lie w ith in  the valleys under discussion, w ithout m aterially  de
stroying by erosion the  preexisting topography of these soft deposits. 
From  th is alone we m ight infer it  would be h igh ly  im probable th a t the 
ice of th e  earlier period would have perform ed any more effective work 
on th e  bedrock topography. As has been show n, the  bedrock features
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of the region are those characteristic of an  area th a t has been exposed to 
stream  erosion and  norm al weathering processes for a considerable in ter
val of tim e, and  subsequently  have been slightly  and locally modified by 
the ice transgression, in very sm all part by actual erosion, in  large part 
by the  deposition of loose debris.

As was noted above, in Prince Edw ard county there  are large areas 
underlain  by soft m ore or less decayed lim estone rock w ith a very little 
sand interm ingled. In  places the depth  of th is  m aterial exceeds 4 feet. 
In  very few places w ithin the  borders of the  county are there areas w ith 
well developed stria ted  surfaces. These surfaces are, however, occasion
ally  found associated w ith the  softer rock. In  physical character and 
in  com position these rocks are identical, bo th  being T renton limestone.

Inasm uch, then , as in certain areas it  has happened th a t the  rocks 
retain  the ir striations, whereas elsewhere in  the  sam e d istrict over large 
areas the  rock in  situ is very m uch decayed, the  inference would be 
th a t the  disintegration was largely pre-Glacial. T hat it  m ay be so and 
th a t the  soils which are still in  situ have been left here by the ice-sheet 
is certainly also suggested by the apparen t inab ility  of the ice-sheet to 
significantly modify the rock topography by actual erosion anyw here on 
the  lim estone areas im m ediately north of lake Ontario.

In  the vicinity of K ingston and  southw ard in  New Y ork sta te  it  is 
found th a t fresh striated rock surfaces are m uch m ore ab u n d an t and  
cover larger areas th an  elsewhere. In  these localities the  old rock topog
raphy  is still retained, nor is it m aterially  modified. The fresher char
acter of the  stria ted  surfaces is due in  p a rt to the  slightly  different 
character of the  rock, and probably in  large p a rt to the prox im ity  of the 
Adirondacks, from which a local glacier descended into w hat is now the 
basin of lake Ontario.

Prom  the evidence as adduced above, it is inferred th a t a ll the  essen
tia l features of the  rock topography are of pre-Glacial date, and  th a t the 
present valleys once formed part of w hat is now a dism em bered river 
system.

T r e n t  R iv e r  S y s t e m

I N  G EN ERAL

All th a t part of the  province of Ontario west of the Frontenac axis 
and between th e  bay of Q uinte and  the A rchean areas on the north is 
drained by the T ren t river or some of its tribu taries. For purposes of 
description the T ren t River system may be considered in  two sections— 
the Central O ntario section, com prising all th e  stream s and  lakes whose 
waters enter the T ren t river proper above the  tow n of T renton, and the 
Bay of Q uinte section, com prising th a t portion of the  T rent river which
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is at th e  same level as lake O ntario and  to which most of the  larger 
stream s in  this part of Ontario are tr ibu ta ry .

CENTRAL ONTARIO SECTION

W hat is usually considered as the headw aters of the m ain stream  of 
the  T ren t system is a sm all lake near the m ain  divide in  central H ali- 
b u rton  county. From  th is lake a stream , the G ull river, m akes its way 
southw esterly, alternately flowing in  valleys between Arcliean ridges or 
expanding  into sm all lakes in  these valleys, and  traversing the  ridges 
in  a m ore or less southeasterly direction, usually  in  a series of falls or 
rapids in to  the nex t adjacent valley eastward. Ju s t to the  east of 
N orland, where the river expands to  form M ud T urtle  lake, it  enters 
th e  Black River cuesta. The islands and  shores of Mud Turtle lake are 
usually  of A rchean rock, b u t a little  distance back from the shore, 011 
either side, is a lim estone escarpm ent, w hich reaches its best develop
m ent and  is highest (125 feet) on the  west. This escarpm ent, whose 
height above the  river gradually  dim inishes as we proceed dow nstream , 
borders the  river to below Coboconc a t the  head  of Balsam lake. H ere 
it  is lost am ong d rift deposits.

Balsam  lake is a broad, shallow depression on the  Black River cuesta. 
To the west the  rock divide between it and lake Simcoe is bu t 5 feet 
above ordinary lake-level, while the  surface of Balsam lake is about 60 
feet above lake Simcoe. W hether the  Balsam  Lake depression is to be 
considered one of the  partly  blocked valleys of the pre-Glacial topog
raphy  is doubtful. In  certain features i t  seems to be composed of two 
of these, b u t a t present th is m ust be regarded as uncertain. About 4 
miles south  of K inm ount a  sm all stream , Corben creek, enters it from 
the  northeast. This creek comes from F our Mile lake, a lake occupying 
the  head  of one of the valleys of the  first type described above, the  upper 
end of the  lake being located on A rchean rock and  the sides of the  lake 
depression being limestone.

The waters of Balsam lake flow eastw ard in  a shallow channel, cut 
chiefly in  drift deposits, though one broad lim estone ledge, a p a rt of the 
typ ical flat-topped intervalley up land  area, has been discovered by the 
river. The distance to the  next lake on the m ain  system , Cameron lake, 
is about 2 miles. Cameron lake is an  oval body of water occupying a 
depression which is blocked to the south  by d rift deposits. The B u rn t 
river, w hich rises on the Archean areas to the  northw est, passes in to  the 
Black River cuesta through a deep reen tran t about 6 miles to the  no rth 
east an d  enters Cameron lake a t the  sam e place as the  discharge from 
Balsam  lake. The Cameron Lake depression is really the  lower p a rt of 
the  valley of the B urn t river, a valley of the first type here described.



The discharge from Cameron lake, past the  village of Fenelon falls, 
is th rough a new channel a t the bottom  of an  older broad valley, w ith 
fresh cu t canyon walls and  a falls about 20 feet over bedrock in to  S tu r
geon lake (p late 6). The distance between the  lakes is a little  over 2 
miles. The depression in  w hich the waters expand  ju s t below Fenelon 
falls m arks a portion of one of the  sm aller valleys of the  second type, 
tr ib u ta ry  to the  m ain  valley, th a t occupied by Sturgeon lake proper. 
The Sturgeon Lake depression is the  broadest and  longest of the entire 
system . I t  lies wholly on lim estone rock, B lack river, a t the  northeast 
end, b u t chiefly T renton. I t  is a valley of th e  second type, however, 
having no ancient opening toward the A rchean. N orthwest of the 
lake the  basset edges of the  lim estone are found occasionally in  the 
valley side. For th e  m ost part, however, near th e  depression a t least, 
they  are obscured by drift deposits. To the southeast the edges of the 
T renton lim estone m ay be found a t the lake shore in  a few places and  
in  various places aw ay from the lake. A low b u t well m arked escarp
m ent, w ith a cliff front in  places, m arks the  southern  edge of the valley 
and lies nearly 5 m iles south of the  lake. T he extrem e b read th  of the 
valley is nearly  11 miles. The sides of the valley are usually  evenly 
graded and covered w ith drift, and  it  is only in  a few localities th a t the  
bed-rock outcrops. Following the depression tow ard th e  southw est 
both valley sides m ay be easily traced for over 36 miles from  the dis
charge po in t of the  lake. The southwest p a rt of the  valley is occupied 
by  lake Scugog, and  the  river Scugog, which enters Sturgeon lake below 
Lindsay, flows along the  bottom  of the valley. The depression continues 
about 4 miles southw est of lake Scugog, where it is obscured by the mo- 
rainic deposits w hich form the  m ain topographic divide of Central Ontario. 
In  th e  vicinity of Scugog lake the valley in  its  present a ttitu d e  is very 
broad and flat-bottom ed, and  the bed-rock is com pletely drift-covered. 
The nearest outcrop which the  writer has seen is a t L indsay, about half 
way between lake Scugog and Sturgeon lake. A nother outcrop is know r 
to  occur some miles to the  west of the  lake and  a t a sligh tly  h igher level. 
The sim ilarity  of form between the valley sides of the Scugog depression 
and the  Sturgeon Lake depression, where m uch bed-rock can be found, 
together w ith the perfect continuity  of the  two very strongly m arked 
depressions, m akes i t  h igh ly  probable th a t bed-rock lies no t far below 
the  surface anyw here in  the  vicinity of lake Scugog. The ou tle t stream  
from th e  northeast end of Sturgeon lake passes th rough a narrow  young 
gorge cut in  heavy-bedded Black River lim estone to th e  depression 
occupied by Pigeon lake.

Pigeon lake is a slightly  com plex rock valley p artly  subm erged. 
From  the  north  there  enters a sm all stream  w hich rises on th e  Archean
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and  passes through the Black River escarpm ent in  a narrow valley. To 
the northeast there is another depression through which the waters of 
the  lake reach the  Archean. The western wall of the valley is sharply 
defined by a  steep b u t not cliffed rock sca rp ; the  eastern side is less 
well defined. To the south the water in the Pigeon Lake depression is 
jo ined to th a t in B uckhorn lake through a broad channel in  which there 
is little  or no current. The channel appears to be cut wholly in drift 
deposits. The Pigeon Lake depression for 5 miles below the outlet 
channel is flooded by the waters of the  lake. Southw est of the foot of 
th e  lake it is still traceable to near Omemee, where it  is obscured by 
heavy drift deposits. The stream  w hich flows past Omemee into Pigeon 
lake and rises abou t 20 miles southw est of the  foot of the lake m ay 
possibly m ark the continuation  of the depression near Omemee and to 
the  southwest.

The principal depression whose flooded upper portion forms Buck- 
horn  lake is also a rock valley of the  first type. Sandy lake, which lies 
to the north  of the  west corner of the lake, also occupies a limestone 
valley, through part of which the outlet stream from Sandy lake flows. 
The m ain depression extends southw est from H alls bridge. I t  is well 
m arked in its northeastern  ex ten t by bounding scarps. The south
western p art is less well defined. This part of the basin seems to be a 
shallow upland depression ra ther than  one of the  system of valleys in 
w hich southw est running stream s once flowed. The general features 
suggest th a t it  was drained by an  obsequent stream  which flowed to the 
inner low land in  the same direction as the waters now flow. The waters 
of Buckhorn lake connect directly with Chemung lake through a broad 
channel bordered by very flat low-lying land. To the northeast the 
discharge stream  flows along the  lowland in  front of the  cuesta. I t  
continues in  th is direction as far as Stony lake, there being two small 
falls of a few feet each in  its course.

About m idw ay between B uckhorn lake and Stony lake the river 
expands into a w ater body known as Deer lake. The depression occu
pied by th is lake is bordered on either side by steep nearly vertical 
cliffs w ith a heavy ta lus a t the base—the sides of a partly  submerged 
valley of the  first type. A t the  lower (southwest) end th is valley is 
partly  obscured by d rif t; b u t the  scarps can be traced to Chemung 
lake. A bout 2 miles below the  foot of the lake a portion of the  valley 
is occupied by a sm all lake know n as Mud lake. The w ater from this 
lake flows in  a sm all stream  in to  Chemung lake, which occupies the 
lower portion of the  sam e valley. The rock sides of Chem ung lake, at 
the  lower parts, are com pletely buried  beneath the d rift deposits. A 
well boring to the west of the lake near Ennism ore showed th e  rock

X X X —Bull. Geol. S o c . Am., Vol. 15, 1903
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scarp to be about 150 feet above the lake, and below about 20 feet of 
drift. To the southeast of the  lake between Bridgenortli and  Peterboro 
there are heavy m orainic accum ulations in  the form of drum lins, and no 
rock exposures are known to the  writer un til the valley of the T ren t 
river, referred to below, is reached. The Deer Lake-Chem ung depression 
continues to the  southw est beyond the  foot of Chemung lake for a con
siderable distance and its course is m arked by a northw est flowing 
stream .

Stony lake, which lies on the A rchean low land in  front of the  cuesta, 
is the  m ost picturesque of a ll the  lakes of the system. The partly  sub 
merged roche moutonnée surface of the A rchean has given rise to n u m er
ous sm all and rocky islands, for the m ost part covered w ith a lim ited  
growth of coniferous or deciduous trees. To the  south of the lake the  
Black River cuesta, rising about 150 feet above it, forms a steep escarp
m ent. A bout the m iddle of the south side of the lake the escarpm ent 
is broken through by the  upper end of one of the valleys of the  first 
type. The flooded upper portion of th is valley forms Clear lake, on the 
sam e level as Stony lake. This valley w ith well m arked rock scarps 
continues to near the village of Lakefield, K atchew anaka lake above 
Lakefield being bu t an  expansion of the river in a broader, flatter por
tion  of the valley. Near Lakefield the  river is tu rned  from the valley 
by drift deposits, and runs in  a nearly straigh t course, in  a channel 
which it  has incised in  the  drift deposits and  in p art in to  the bed-rock 
underneath , to some distance below th e  city of Peterboro. The whole 
course from Lakefield to Peterboro, 9 miles, is m arked by a succession 
of rapids. The river is here flowing over one of the typical in tervalley 
up land  areas. From  K atchew anaka to Rice lake th is section of th e  
river is called the Otonabee river. The last noted exposure of lim estone 
occurs in  th e  river bed about 2 miles below Peterboro. From  Peterboro 
to  Rice lake, 21 miles by the  river, the  channel is cu t in drift deposits 
and  is graded. At 12 miles below the city it  tu rns ab rup tly  northeast 
and  runs in  th is direction for about 5 miles, rounding the northeast end 
of a  very large drum lin, when i t  again tu rn s  southw est and  follows a 
straigh t course to Rice lake.
. Rice lake is a long, narrow lake w ith a  m axim um  depth  of abou t 25 
feet, a.length of 21 miles, and  a m axim um  breadth of 3 miles. Along 
the  whole length of its southeast shore extends a high ridge, in  places 
rising about 600 feet above the lake. A t the eastern end, near H astings, 
and  extending northeast from here to the  nex t sharp  tu rn  in  the river’s 
course, the  under part of this ridge is m ade of Trenton lim estone. The 
greater portion of the ridge west of Hastings is buried  under an im m ense 
m orainic deposit of drift, which in  places probably exceeds 300 feet in
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thickness. On the shore opposite the m outh  of the  Otonabee river the 
divide between Rice lake and  lake O ntario lies less th an  3 miles from 
the  lake and  about 11 miles from lake O ntario, being over 900 feet above 
the  la tte r lake. On the north  side of Rice lake, close to the lake, there 
are extensive drift deposits, and, so far as the  writer is aware, no bed
rock is know n. A little  farther to the  north, however, east of Peterboro, 
bed-rock occurs a t a higher level th an  the  lake. This Rice lake valley 
extends for a considerable distance southw est of the head of the  lake as 
a  well m arked depression. The general direction of the depression is 
show n by the  course of the  stream , which enters the  southwest end of 
the  lake a t Bewdley.

T ribu tary  to Rice lake from the north  is the Keene river, whose gen
eral course is in  accordance w ith the trend  of the  older valleys here 
described. W hether it  actually  occupies one of these is uncertain. 
H eading on the  up land  in  the same region as the  Keene—a flat, swampy 
d istrict of glacial deposits, including sand and  gravel p lains—is the 
In d ian  river, which flows in  alm ost exactly the opposite direction and 
enters Stony lake near its eastern end, cascading down the front of the 
Black River cuesta in  a well m arked obsequent valley.

From  the foot of Rice lake the river extends northeast in the  same 
valley, rock walled, steepest on the south, to a short distance below 
T ren t bridge, where the depression is less well defined. H ere it widens 
ou t a little  and runs on top of the lim estone for a short distance in  an 
irregular course, finally tu rn ing  southeast and  flowing in  a succession of 
rapids and  falls through a new channel, the  lower p art being a gorge, 
un til i t  em pties into the next old valley to the  eastward.

The upper portion of th is valley is occupied by the Crow river. The 
Crow river in its upper course runs along the front of the  cuesta as a 
subsequent stream , being the outlet for the waters from three lakes— 
Round, Belm ont, and  M armora—located on the inner lowland, besides 
a considerable am ount of surplus drainage from the northeast. At 
M arm ora i t  enters a well defined narrow rock-scarped valley, trending 
southwest, which gradually  broadens. Below the  junction w ith the 
T ren t from the northw est th is valley is well defined and ra ther broadly 
open as far as Campbellford. Below Campbellford the river leaves the 
old valley, which is blocked by drift, and flows in  a  new channel. For 
the  first 2 miles below Campbellford it  has no t yet incised, the  rock to 
any  great extent. South of th is as far as M eyersburg it runs in  a shal
low post-Glacial canyon, there being a heavy rapid and falls ju s t  below 
Campbellford. Near Meyersburg i t  again tu rns east and widens ou t in 
a broad, shallow depression upon th e  limestone. This depression 
extends for a num ber of miles in  either direction beyond the  lowest
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portion occupied by the  expanded river. I t  leaves this valley below 
Glencoe, tu rns again southwest, and flows as far as Trenton in  a post- 
Glacial canyon cu t in the limestone. In  th is p a rt of its course i t  has 
incised a valley through a heavy morainic ridge, and has cu t a channel 
in  the lim estone to a depth of about 25 feet and  of a width of nearly  
300 yards. At Trenton the river enters the bay of Q uinte a t the  level of 
lake Ontario.

I t  perhaps m ight be noted th a t the  present location of new portions 
of the  present T ren t river (above Peterboro and above Trenton) and  of 
the  present Moira river (above Belleville) is probably in tim ately  asso
ciated with the retreat of the last ice-sheet across Ontario. The problem 
has not yet been fully investigated, b u t certain  field studies suggest th a t 
these stream s, a t the localities indicated, originally flowed along a valley 
between the m orainic deposits to the west and the  front of the  re treat
ing ice-sheet on the  east.

BA Y OF QUINTE SECTION

In  general.—A reference to the  accom panying m ap (p late 7) will 
show th a t the bay of Quinte is naturally  divisible into three distinct 
sections. A closer exam ination in  the field shows th a t the first of these 
sections, th a t between Trenton and Desoronto, though rock-bound on 
both sides th roughout its length, is really a com plex of several valleys. 
The other two natu ral divisions—the Long reach and  the Twelve Mile 
reach are less complex.

Trenton-Desoronto division.—The Trenton-Desoronto section naturally  
falls into two subdivisions—th a t between Trenton and  Belleville (or 
Rossmore on the Prince Edw ard side) and th a t between Belleville and 
the  Telegraph narrows ju s t west of Desoronto. The first of these sections 
is one (possibly two) of these rock valleys with lightly  scarped sides 
(rising 50 feet above water-level). I t  does not seem to be associated 
w ith the valley occupied by any m odern stream  (plate 7, section I). 
Toward the west it is drift-blocked. W est of the west end of the bay 
of Quinte, on the other side of a low lim estone divide, is another valley, 
also unconnected w ith any  m odern stream . Parts of the rock ridge 
which bound th is depression on the south are exposed a t P resqu’ Isle, 
where they form a scarp facing the north  and  rising 35 feet above 
present water-level. The rocky ridge which forms Presqu’ Isle is joined 
to the m ainland by a long sand neck formed across the outlet of th is 
valley by the waves of lake Ontario.

The only tribu ta ry  of im portance which enters the  western section of 
the bay of Q uinte is the Moira. As already noted, this flows as a sub
sequent stream in  front of the  Black River cuesta for nearly  15 miles,
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M oira lake, ju s t south of Madoc village being an expansion of the river 
on the inner lowland. I t  enters the cuesta below Stoeo lake (also on 
th e  inner low land) in  a valley of the first type, follows th is valley for 
about 8 miles, un til displaced by m orainic deposits near Thom asburg, 
whence i t  flows in  a new channel cut in drift u n til it  is jo ined by an 
im portan t tribu ta ry  from the northeast near Plainfield. This tribu tary  
in  part of its course, and  in all probability  in  all o f it, occupies one of 
the  old rock valleys. The united  streams continue in  the  course of the 
old valley to Poxboro, where they tu rn  south and flow w ith num erous 
rapids th rough a new channel in a straight consequent course to  the bay 
of Q uinte a t Belleville.

The eastern portion of the Trenton-Desoronto division is m ore com
plex , and  it  is necessary first to refer to the  m ost im portan t tribu tary  
stream , th e  Salm on river. This stream enters the lim estone escarpm ent 
from Beaver lake, the la tte r lying on the inner low land near Tamworth. 
The valley of the  Salm on all the way across the  lim estone area is deep 
and, relatively to the valleys of the other stream s, narrow and  very 
steep scarped, especially on the southeast side.

R unning along the south shore of the bay from Green p o in t opposite 
Desoronto to North port, and thence southw est past Demorestville and 
Crofton and  across Prince Edw ard county to the  north  of Consecon creek 
and lake, is a well defined cuesta. A t Telegraph narrows, about 4 miles 
west of Desoronto, the  bay  is very shallow, and rock is exposed in 
num erous places on either side and forms islands in  th e  bay. Telegraph 
narrows probably m arks a  local divide between waters which flowed in 
front of the  cuesta eastward to jo in  the valley of w hat is now the Napanee 
river and  the Long reach, and  westward in  front of the  cuesta along the 
general course now indicated by the  direction of its  crest. This valley 
was confluent w ith th a t of the Salm on river to  the west of w hat is now 
Big island. This m ain valley was probably jo ined  in  the  v icinity  of 
w hat is now W ellers bay, on the  west coast of Prince Edw ard county, by 
the  stream  which carved the valley now occupied by Consecon creek 
and  lake. Several o ther m inor valleys are also associated with the 
Salm on river valley, b u t in  the absence of topographic m aps i t  has not 
been possible to work ou t all the details as yet. T he unsubm erged por
tions of th e  intervalley areas of these confluent valleys form the three 
large islands southeast of Rossmore.

Long reach and Napanee river.—The Napanee river rises on th e  Archean 
up land  to the northeast o f the Black River cuesta, an d  traverses the  lim e
stone region in a deeply incised valley, the  rock scarps of which m ay be 
followed a ll the  way across from the front of the cuesta to the  bay of 
Quinte. T he scarps on bo th  sides along the upper portions of the  valley,
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where it is narrow, are sharply  defined and  often precipitous. As it 
gradually  broadens, th a t on the north  side becomes less steep, the cliff 
features nearly disappear, so th a t in  the vicinity  of Desoronto it has an 
even slope to its sum m it. The scarp on the east side, retaining its steep 
cliff-like character, is continuous w ith the  high scarps along the eastern 
side of the  upper portion of the Long reach. F rom  the vicinity of Deso
ronto the course of the old valley seems to have been tow ard the south, 
in  a direction m ore nearly in  accordance w ith the  d ip  of the strata. As 
a result, we find the sides of this portion of the  valley bounded by steep 
rock cliffs, th a t on the west, the  highest, rising about 185 feet above the 
bottom  of th is section of the bay (plate 7, sections II -V ). The scarp 
on the  west side is the edge of the  cuesta, on whose outer slope several 
of the m inor stream s of Prince Edw ard county take  th e ir rise. I t  runs 
from the  vicinity of Green point, where it  is continuous w ith the scarp 
before noted as lying to the south of the upper p a rt of the bay of Quinte, 
to Picton, and thence southw est across the  county, g radually  losing its 
cliff character west of Picton and  becoming an evenly graded slope.

Confluent w ith this consequent valley is ano ther less broad, rock- 
scarped valley, the submerged portion of w hich now forms H ay bay. 
H ay  Bay valley can be traced all the way across to the inner lowland, 
and Big creek drains a sm all area of the low land through the escarp
m ent to the  bay.

To the  south of the Twelve IVJile reach is a high escarpm ent, rising near 
G lenora to 225 feet above bay-level and  308 feet above its bottom. This 
escarpm ent forms the  east side of Picton bay an d  extends across Prince 
Edw ard county, with gradually  decreasing elevation, to the south of 
East lake, being subm erged beneath the waters of lake O ntario a t Salmon 
poiiit (p late  7, sections V I and  V II). This escarpm ent is the south wall 
of a broad valley which joined the  ancient N apanee valley from the 
east a few miles above Picton. The united stream s crossed Prince E d 
ward to East lake. The lower portion of this valley is now traversed 
by a sand  bar throw n up by the waves of lake Ontario, and  the sub
m erged portion of the valley behind this bar forms E ast lake.

The south side of the Twelve Mile reach east of Glenora, where it reaches 
its m axim um  height, gradually  dim inishes in  elevation above present 
lake-level. The depth  of the  water in  the  bay gradually  increases, how
ever, to  a m axim um  of 230 feet ha lf way between th e  west end of Am
herst island and the  m ain shore, so th a t the  actual dep th  of the valley 
is fairly uniform. W ith one in terruption , where a portion is submerged 
and  past which it  can very readily be traced by m eans of the soundings, 
the  escarpm ent continues to the east end of A m herst island. Between 
Prince Edw ard county an d  A m herst island the channel which breaches
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the  valley wall is 2 miles in  w idth and has a m axim um  depth of 83 
feet, the  dep th  of the water in  the  valley being 230 feet. A t present it 
has not been possible to determ ine satisfactorily w hether th is m ain val
ley, whose subm erged portion forms the  Twelve Mile reach, is to be con
sidered as the  southw est extension of the  valley through which Collins 
creek traverses th e  lim estone areas. The valley of Collins creek is one 
of the  rock valleys of the first type running  through  the limestone region 
from the  inner lowland. The lower subm erged portion forms Collins 
bay. This valley and the Twelve Mile Reach valley are directly in  line, 
and this suggests th a t they m ay be parts of the sam e ancient valley. 
On the o ther hand , the charts show the existence of a depression of con
siderable depth (106 feet below water-level) between th e  B rother islands 
and  th e  m ain shore, suggesting th a t Collins creek m ay have here 
tu rned  eastward to join the valley which forms th e  nex t section of the 
bay—a case of pre-Glacial stream  capture. A nother alternative is th a t 
the  valley of the nex t section of the bay and  the  Twelve Mile Reach val
ley were continuous. On the other hand, the  m axim um  depth of the sub
m erged divide across the Lower gap (4£ m iles wide) between Am herst 
island and  Simcoe island is only 6 feet higher th an  the  greatest dep th  in  
th e  ad jacent p art of the  bay, the la tte r being 106 feet below present water- 
level. So far as known, the  bottom  in th is locality is all rock, w ith bu t 
a very sm all am ount of drift. As will be seen by a reference to the 
m ap, the Lower gap is a continuation  of the  Bateau channel east of K ing
ston (described below), and from the  general field relations it  seems 
best to in terp ret it  as the lower, and hence wider, portion of th is valley 
ra th e r th an  to consider it as a breach in  the  side of a valley which 
m igh t have been continuous from E ast lake to below Kingston.

Kingston section.—The n ex t section of the  bay heads on the Archean 
areas east of K ingston, and  runs southw est as a  narrow valley, w ith 
steep rock scarps on either side a t its eastern end. Between Howe island 
and  the  m ainland, where it  is narrow est and  the  rock sides are steep, it 
is know n as the Bateau channel. The valley walls rise to a considerable 
height, over 100 feet, above present water-level. The south side is in ter
rup ted  in  one place by a cross-channel between H ow e island and  Wolfe 
island. So far as the present soundings are concerned, the  present line 
of deepest w ater turns through th is channel from the  upper portion of 
the  bay. The general field relations, on the o ther hand , are very strongly 
in  favor of considering th a t the portion of the  bay north  of Wolfe island 
is a direct continuation of the B ateau channel.

T ribu tary  to the  bay, Cataroqui creek enters from th e  north. I t  crosses 
the  lim estone area in  a deep broad valley, carving a  typical “ shut-in  ”
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canyon in an Archean spur which crossed its path , and  jo ins the  bay 
near K ingston.

The north  shore of the bay west of K ingston as far as the  Long reach is 
th roughou t its course a gently graded rock slope, in  m arked contrast to 
the cliff front of the cuesta on the  south side. Several m inor streams* 
all in rock valleys of the  second type, enter the bay between the Long 
reach and  Collins bay.

Saint Lawrence section.—The American outlet channel of the  Sain t Law
rence river is also one of these submerged valleys. The south shore in 
its present a ttitu d e  is bordered by a more or less graded scarp. Near 
C layton a sm all stream  flowing in a valley of the  second type enters it 
from th e  southwest. The head of the valley is located in  the  narrow 
channel between the Archean ridge which forms Wells island and the 
m ain shore to the  south. The north  side of the  Am erican channel is 
less ab ru p t than  the south. Along the eastern portion of Long island 
it is bordered by a low cliff scarp. From the crest of this scarp the  rock 
rises in land  with a gentle graded slope to an elevation of probably 50 feet 
above water-level, with som ewhat higher points in  several places.

The cross-channel between Howe island and the  m ainland to  the  east, 
jo ining the  B ateau channel with the m ain  river, is connected w ith a 
series of Archean valleys north  of Grindstone an d  Wells islands. The 
north shore of the  sam e channel north of G rindstone island is also 
A rchean rock. The south shore of Howe island is obviously a partly  
subm erged rock bluff, such as borders all the  valleys. The north  shore 
of Long island opposite is also bed-rock. I t  is qu ite  probable th a t the 
channel between the two islands m arks the valley of a stream  confluent 
w ith th a t which carved the Bateau channel, and  th a t the  ra ther broadly 
open valley from the west end of Howe island to the Lower gap was the  
work o f the  two stream s.

F A U L T  T H EO R Y OF ORIGIN OF B A Y  OF QUINTE DEPRESSION

The very rem arkable zigzag course th a t is taken by T rent river in  its 
upper part, and the  no less rem arkable course of the bay of Q uinte, 
would natu ra lly  suggest th a t these topographic features were due to 
extensive faulting, and  th a t the escarpments were the edges of uplifted 
blocks. The w riter m ade a careful search for indications of fault m ove
m ent in  the field, bu t was unable to find evidences ol any  such movem ent. 
On the contrary, it  was found in  every case, w ithout exception, th a t the 
differences between the opposite sides of any of th e  com plex of valleys 
was invariably  such as could readily be explained by the  relative 
a ttitudes of the plane of slope of the valley and the plane of d ip  of the
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rocks, and th a t there are bu t little  differences in  height between the op
posite sides. This relation holds system atically th roughout the whole 
region. Again, where the Napanee river enters the  Black River cuesta 
(th is is also true of all the others crossing the  cuesta) the escarpm ents 
on either side are of equal height, and, so far as could be determ ined, of 
precisely the same rock (actual identification of individual beds m ade 
elsewhere was not a ttem pted here). The escarpm ent on the  southeast 
is perfectly continuous to the vicinity  of the in let of H ay  bay, where it  
gradually  lowers to water-level. Throughout its course it  retains nearly 
the  sam e character, the  rocks d ipping aw ay from the cuesta front. T he 
opposite side of the valley gradually  assumes a more graded slope, and  
although the  basset edges of the s tra ta  are exposed, the general slope is 
very m uch gentler in  the vicinity of the  bay of Q uinte than  it  is farther 
inland. On the  opposite side of the  bay the corresponding part of the  
cuesta (west of the Long reach) exhibits features identical w ith the po r
tion of the cuesta to the  east of the  Long reach. The slight difference 
in  height between the western and eastern sides of the Long reach is 
apparen tly  associated w ith the character and dip  of the rocks.

The block-fault theory to account for the  origin of the zigzag course of 
these valleys is regarded by the w riter as a t present untenable, because 
there is no known evidence in  its support, and it  is not necessary to as
sum e it to explain the relations of the  various valleys and escarpments. 
The limestone rocks th roughout the  whole region are extensively jointed. 
In  a very few'cases there has been a slight local m ovem ent along the 
jo in t planes. In  no instance has the writer noted a displacem ent of 
over 6 inches in  a vertical direction. The direction of the  m aster jo in t 
fractures is in tim ately associated with the trend  of all the m aster val
leys, though the m odern post-Glacial channels are independent of them . 
I t  is quite probable th a t they, to a large extent, controlled the direction 
of the  drainage of the area subsequent to the peneplanation of the  lim e
stones. I t  is not im probable th a t m uch of the drainage was at first sub
terranean along the line of the m aster fractures. Indeed, in one instance 
(Perch creek) the present stream  flows along a jo in t fracture under
ground for a distance of nearly a  mile. '1 he intim ate relation between 
the  jo in ting  and the valley sides is well shown in the cliff front along 
th e  west side of the Long reach, where, when considered in  detail, it is 
found th a t system atically the slight salients and  reentrants of the  cliff 
are the obtuse intersections of joint fissures. The distances between 
these local salients are rem arkably uniform  alongt he whole 9 miles 
of cliff, producing a scrolled appearance. These m aster jo in ts w ith their 
associated valleys and the  parallel system s of valleys of sim ilar trend
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on the adjacent Archean areas are probably associated w ith an extensive 
system of faults of pre-Orodovician date.*

N o t e s  o n  o t h e r  S t r e a m s  T r i b u t a r y  t o  L a k e  O n t a r io  f r o m  t h e  E a s t

In  a ll essential features the  valleys of th e  southwest-flowing stream s 
in New Y ork state are sim ilar to those in  Ontario. To the south  and  
west of Clayton, and  southeast as far as Black river, there are large rela
tively flat areas, the  in tervalley uplands, w ith a very lim ited drift cover 
and frequent exposures of flat lim estone rock. A num ber of sm all creeks 
head on the  different parts of this up land  and flow southwest, the valleys 
gradually becoming well defined as they  grow w ider and deeper. The 
partly  submerged western portions of these valleys form the num erous 
inlets on the eastern shore of lake O ntario. W ithou t a single exception, 
the  islands off th a t coast are m erely partly  unsubm erged portions of the 
rock wall between two valleys. The valley of Three-m ile creek extends 
for some distance above the head of the  present stream , and  is well de
fined by a low rock scarp on either side, the valley lying below the  level 
of the upland plain. The w riter did not have the  opportun ity  of ascer
taining w hether i t  extended completely across th e  lim estone area.

The C haum ont river occupies a valley of the  first type of those described 
above, although the  present river does not come from the inner lowland. 
The head of the present stream lies in  a flat lim estone p lain  between 
bounding rock scarps. A couple of miles farther east another stream 
heads in  the same valley and flows northeast. The lower portion of the  
valley is subm erged to form C haum ont bay. A reference to  the  m ap 
(plate 8) would suggest th a t the  former courses of the valley of Three- 
m ile creek and  C haum ont river were between point Peninsula and the 
m ainland. In  the field, however, it  is found th a t it  is Extremely im prob
able th a t th is was so, because rock exposures are found close together 
a t or near water-level, even on the  neck between the peninsula and the 
m ainland. The earlier course of one of the stream s m ay have been 
across th is neck, because there is a well defined valley here, b u t the  
course of the  pre-Glacial C haum ont river seems to  have been to  the  
south of the point Peninsula. Three Mile creek at one tim e probably 
flowed between the peninsu la and the  m ainland, b u t a t a later stage it  ap 
pears to have jo ined the C haum ont river, possibly a case of local stream  
capture, the bottom  of the valley of the  creek, now submerged as Three- 
m ile bay, being a t a considerably lower level th an  the bottom  of the  
sag in the rock surface a t the  neck of the Peninsula. The valleys of the 
sm aller stream s m arked by Guffin bay were tribu ta ry  to C haum ont

♦ T h is also has beeu suggested to the writer by Doctor Gilbert. It  is proposed to discuss the 
problem in  a later paper on the origin of roches montonn6.
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valley. F rom  the soundings in  this part of the  lake, i t  is inferred tha t 
the ancient C haum ont valley was tribu ta ry  to the  ancien t B lack River 
valley w hich lies to the  south  of Stony island.

The n ex t stream  to the  south is Perch creek. This stream  rises near 
the  A rchean areas to  the northw est of Theresa a t H yde lake. Under 
the  local nam e of H yde creek it  flows across the  Potsdam  low land in  a 
well defined rock-scarped valley to Perch lake. This la tte r lake is 
located in  a reen tran t in  the lim estone cuesta. From  Perch lake i t  flows 
southw est through  the cuesta to Black River bay. A bout a m ile below 
the village of Limerick, the present stream  passes underground  and  fol
lows a subterranean channel for nearly a mile. The older valley on top 
of the lim estone is well defined, and judging  from the  bare character of 
the  valley floor and  the  d istribu tion  of debris, a t tim es of flood the 
present stream  occasionally flows overground. A t L im erick the present 
channel is a  slightly  sinuous rock gorge, about 50 feet in  w idth and 20 
in  depth. I n  places the sides are locally rounded, though  m ost of the 
gorge is cliffed. The general features of the  gorge sides are such as to 
suggest th a t  it is pre Glacial, and  th a t its'form  has been slightly  m odi
fied by the ice. I t  is quite possible th a t the portion near L im erick is of 
glacial origin, owing to the  down fracturing of the roof of the subter
ranean channel under the  weight of superincum bent ice.

The largest and m ost im portan t of the stream s which cross th e  lim e
stone areas to  enter the  eastern end of lake O ntario is Black river. The 
larger part of the catchm ent basin of this stream  lies in  the  Adirondacks. 
The m ain stream  flows along the inner low land in  front of the  Paleozoic 
cuesta for m any miles above Carthage, receiving a few sho rt obsequent 
tributaries which run  down the cuesta front. A bout 7 m iles no rth  of 
Carthage it  tu rns ab rup tly  and flows southw est tow ard W atertown. 
At W atertow n the course changes a  little  to the north  of w est*  an d  fol
lows th is direction to B lack River bay. This bay is m erely a  partly  
subm erged portion of the river valley. The course of th e  valley can 
readily be followed by the soundings to the  southw est o f S tony point, 
lying between the  po in t and  Stony island. The m odern stream  in its 
course across the lim estone areas has cu t ou t a rocky gorge in  the  bot
tom  of the older flat-bottom ed valley, and th is gorge forms the present 
channel of the  river. A t Black river the  gorge has a depth  of about 40 
feet. To the  south of the old valley the walls are steep and often cliffed. 
To the east of W atertow n and  about a m ile and  a ha lf from Black river 
is a very rem arkable steep-sided rock valley called R utland  hollow, cut 
as it were on the side of the old Black River valley, since the  up land  to

*A pre-Glacial modification not yet fu lly  investigated, but evidently closely associated with the 
jo in t structure.
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the  sou th  rises 313 feet above its bottom , and  the  bottom  is 225 feet 
above Black river. This valley passes out toward the lowland to the 
northeast. I ts  southw est extension is occupied by  Mill creek, and  at 
one tim e the  creek which occupied the R utland hollow probably flowed 
outw ard in th is direction. A t a  later stage in  its h istory  the  headw ard 
growth of a sm all lateral affluent of Black river has intercepted the head
waters of the  old stream  by breaching the valley side. A t the present 
tim e the  drainage of the  hollow is carried to Black river by this side 
stream , entering the river about a m ile and a h a lf  east of W atertown.

Ju s t west of W atertow n another small stream  enters Black river from 
th e  northeast. Following up  th e  valley of th is we find th a t it is con
tinuous w ith the valley of W est creek, a northeast-flowing stream . The 
course of the valley is little  obscured by drift, bu t the  cliffed rock scarps 
a little  higher on the west are to  be seen near Evans mills. W est creek 
enters In d ian  river ju s t at the  big bend, a mile northeast of Evans mills. 
The nose of the  sharp spur around  which In d ian  river bends is an 
A rchean ridge. The am ount of Archean rock now actually  exposed is 
sm all, an d  the greater part of the  point is underlain  by a flat arenaceous 
lim estone, m arked as Potsdam  on the geological m ap of New York state. 
The valley of In d ian  river, both above and  below the  bend, is deeply 
incised and  has a  broad flat bottom , th e  basset edges of the  incised beds 
showing on the  sides of the valley. A short d is tan ce  above the bend 
and  also a short distance below it (about a m ile an d  a half), i t  has cut 
down to  the  Archean rocks. There is a strong probability  th a t a t one 
tim e there were here two stream s, each flowing in  a southw est direction 
along th e  edge between the sedim ents and  the A rchean rocks and con
fluen t a t  w hat is now the bend. From  this po in t th e  course of the con
fluent stream  was southwest along the valley of W est creek and thence 
to Black river.

South of Black river, M uskalonge creek, Mill creek, and several other 
stream s flow in rock valleys m ore blocked by drift th an  are those north  
of Black river, bu t showing in general features all the  characteristics of 
the  unobstructed valleys to the north.

T h e  S a in t  L a w r e n c e  O u t l e t

The w ater from lake Ontario passes into the Sain t Lawrence by two 
m ain channels. One is through the Lower gap, near K ingston, and 
thence eastward, either to the north  or to the  south  of Howe island. 
The o ther is between Wolfe island and  the south shore. A section across 
th e  river near the west end of Howe island will cross three channels 
separated from one another by large lim estone islands. Following each 
of these eastward to its lower end, if  one considers the  direction of water
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movem ent, upper end if one considers the form of the channel valley, 
i t  is found th a t the valley gradually  becomes narrow er and  shallower. 
The m ost northern , the  B ateau channel, a t  its  east end tu rn s abrup tly  
to the south to jo in  the m iddle channel. Follow ing the  m iddle channel 
eastward, it  is again found to narrow and become shallow  rap id ly  ; to 
reach the  m ain river it  again tu rn s  to  the  rig h t of its ax ia l direction. 
The th ird  or Am erican channel narrows and shallows eastward as do 
the others. Between W ells island and the m ainland its course is som e
w hat sinuous.

The western ends of each of the channels are subm erged rock valleys 
of the  first type here described. The islands between the  channels m ark 
unsubm erged portions of the valley sides. Each of these valleys and 
the ridges between them  m ay be traced southw est for a  considerable 
distance under the waters of lake O ntario (p late 9). The upper ends of 
each of the  channels are located on the Archean belt. Each channel 
ends in a well defined valley between A rchean ridges, p a rtly  submerged, 
it  is true, b u t the ridges stand above water-level as the  largest islands of 
the Thousand Island  group. A study  of the  topographic features of the 
Thousand Island  group shows th a t i t  is the  characteristic semi-sub- 
merged Laurentian  topography th a t is found in literally  hundreds of 
other places th roughout the  L aurentian  peneplain. W e find the same 
succession of longitudinal valleys between ridges of Archean rocks, the 
axes of the  ridges being parallel to the  strike of the  rocks, and the same 
series of shallower connecting straits across sags in  the ridges. A refer
ence to the m ap will show th a t an  alm ost exactly sim ilar system  of longi
tu d in a l and cross-channels would be formed were the regions to the north 
of the  present river subm erged.

T hat each of the valleys w ith lim estone sides become narrow er east
w ard is due in part to the shape of the  valley and  in  pa rt to  the fact th a t 
the  highest point of the partly  subm erged F rontenac axis lies to the east 
of the eastern ends of the  valleys.

From  the foregoing descriptions and by reference to the  accom panying 
m aps, it  will be seen th a t the  ou tle t course of the Saint Lawrence river is 
not a well defined channel, b u t ra ther is a com plicated series of channels. 
In  fact, i t  is a series of p a rtly  subm erged longitudinal basins, with cross- 
connections between the basins, the com plex forming w hat is erroneously 
term ed the  channel of the  Saint Lawrence. In  reality  th e  river has no 
channel of its own west of the  F rontenac axis. E ast of the axis, in  the 
lower parts of its course, it  has cu t a m odern channel in drift deposits. 
The im m atu rity  of parts of the  channel east of the  axis is shown also 
by the braided character of the stream . I t  is probable th a t  east of the 
axis the course of the  river is in  p a rt also of a com pound character.
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The investigations as to the  history  of this portion of the  stream  are not 
ye t sufficiently advanced to  w arran t extended discussion a t th is  time.

S u m m a r y  a n d  C o n c l u s io n s

In  w riting th e  foregoing description of the  topography of th e  country  
bordering the east end of lake O ntario, it  has been necessary to  om it 
reference to m any interesting m inor details. In  the  m ajority  of cases 
only those features w hich seem to bear directly on the  question of the 
origin of the Sain t Lawrence outlet, and  on the  problem  of the origin 
of the principal features of the  region, have been described and  dis
cussed. I t  rem ains b u t to sum m arize the results of the  foregoing study.

In  th e  first place, the  balance of evidence w ith regard to  the  am ount 
of erosion by the  ice-sheets w hich transgressed th is region is d istinctly  
in  favor of the conclusion th a t  th is  erosion was very slight. The m ain 
points on which th is conclusion is based are:

1. The unquestioned fact th a t  the  ice-sheets w hich succeeded the  
earliest sheet whose till rests on th e  bed-rock overrode soft stratified 
and unstratified deposits which were the  work directly  or ind irectly  of 
the  earlier ice-sheets, w ithout m ateria lly  altering th e  preexisting form, 
in  so far as the  evidence of the  num erous cross-sections shows w hat th a t 
form m ay have b een ; from th is  it  is inferred th a t there  is little  likelihood 
of the first sheet having been a  more effective erosive agent.

2. The topographic features are sim ilar to those produced by stream  
erosion in  unglaciated regions, and  bear no definite relation to  the  d irec
tion of th e  ice movem ent. On the  contrary, their system atic develop
m ent qu ite  independently  of th a t movem ent, accurate adjustm ents even 
to sm all details, and  retention  of characteristic forms show th a t the 
am ount of erosion by the  ice was very lim ited. T hey antedate the 
period of ice-transgression, a t whose close the  earliest till sheet was de
posited, and  by which the  striations on the  bed-rock beneath th a t till 
sheet were produced, as is evidenced by the occurrence of both the  till  
and  the  striations in  the  valleys as well as on the  uplands.

T hat the  com plicated system  of valleys here described is due to stream  
erosion is inferred, as already stated, from their sim ilarity  in  form and  
adjustm ents to valleys produced by stream  erosion elsewhere in  ungla
ciated regions. The direction of flow of the  stream s w hich carved them  
is inferred to have been southw est because uniform ly th roughou t the  
system  th e  valleys are found to become wider, frequently deeper, and  
always more m atu re  in  form as one proceeds from th e ir heads on or near 
the inner lowland outw ard tow ard the region to w hich they  now drain.

The m ain stream  of the T ren t River system  is seen to a lternately  flow 
in a  new channel of post-Glacial origin and  in a course along an  ancien t
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pre Glacial valley. The new channel alm ost always follows a  direction 
consequent on the  present a ttitude  of the up land  surface. This is s trik 
ingly shown in the long section of rapids between Lakefield and  Peter- 
boro (9 miles), in  the  section of rapids below Campbellford (5 m iles), 
and  in  th e  section above Trenton (7 miles). A sim ilar feature is shown 
b y  the  M oira between Foxboro and Belleville.

In  its course from the  divide in  central H aliburton  to th e  bay of 
Q uinte, the  T ren t passes through parts of 9 of these pre-Glacial valleys, 
and  there are several others indirectly  associated w ith it  (p late 10). I t  
should also be m entioned th a t there are several m ore of these valleys 
developed to the  west of the  T ren t system , whose descriptions have been 
om itted from the present discussion. In  every case there is sufficient 
rock exposed along the valley sides to show th a t the ir upper parts are 
carved in  the  rock. In  m any cases rock exposures are found along both 
sides of the  valley th roughou t its length. In  some cases, as in  the 
Scugog valley, and  in  th a t of the western p a rt of Rice lake, the  existence 
of bed-rock directly associated with all parts of the valley is u n p ro v en ; 
i t  is found associated w ith  the northeast end of each valley, however. 
B u t even here th e  n a tu re  of the  slopes of th e  valley sides and  the  fact 
th a t they  are uniform ly continuous w ith the p art where the  rock does 
occur m ake i t  extrem ely probable th a t it  is not far below th e  surface, 
even where the existence of rock sides has not ye t been proved. Again, 
i t  would be extrem ely im probable th a t w ithout the existence of some 
such predisposing cause, the drift deposits would always happen  to have 
been deposited in  such a system atic position w ith reference to  the rock
sided upper portion of the  valley as to always extend it  in  an  appro
p riate  direction and  with accordant grades.

The southw est extensions of all these valleys, north  and  west of 
Trenton, are blocked by the  heavy m orainic deposits of Central Ontario. 
T he resu lt is th a t in  the ir present a ttitude  th e ir lowest parts form the 
basins of an extensive chain of small lakes. The new channels of the 
T ren t river m ark merely the  lowest edges of the rim s of each of these 
basins, the  river spilling over this rim  to the  next adjacent valley at a 
little  lower level.

The portion of the  T ren t system  a t lake-level, the  bay of Quinte, is 
seen to consist of a com plex of at least 7 of these ancient valleys, partly  
subm erged, so th a t the details of the  adjustm ents and interrelations be
tween the  various m em bers can not always be satisfactorily determ ined. 
The unsubm erged parts of the bay of Q uinte system  of valleys are all 
occupied by stream s tribu tary  to the bay. In  Prince Edw ard county a 
sim ilar system  of rock-sided valleys has been developed w ith m inor 
north-facing cuestas, only in  part associated w ith the T rent system.

In  New Y ork also it is found th a t valleys sim ilar in  every respect to
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those north of the lake have been developed on the bed-rock, and these 
still preserve all the  essential features of valleys produced by river erosion.

The so-called outlet channel of the  S a in t Lawrence river is in reality  
a com plex of three partly  subm erged valleys sim ilar to the  bay of Quinte. 
The portion of the  Saint Lawrence in  the  v icinity  of the  Thousand 
islands is m erely a series of longitud inal basins w ith connecting straits 
across sags in  the interbasin ridges. No definite channel exists. The 
topography is sim ilar to th a t characteristic of partly  subm erged Lauren- 
tian  areas found in m any places over the  great L aurentian  peneplain.

The courses of the rock valleys associated w ith the  Sain t Lawrence 
outlet and  of the rock valleys of New York to the  south o£ the  river 
m ay be traced for a considerable distance on the bed of lake Ontario by 
means of the  soundings.

The water of the  Sain t Lawrence system  passes eastw ard a t the  pres
en t tim e over the  lowest p art of the Frontenac axis. The existence of 
the sag over w hich the  river passes is probably due to local differential 
depression. The direction of flow of the  w ater west of the submerged 
divide on the axis is opposite to th a t in  which the water flowed when 
the  valleys were carved in  the  lim estone area. E ast of the divide on the 
axis the direction of flow is probably as it was in  pre-Glacial times.

A t a tim e prior to the  existence of lake O ntario the valleys forming 
the Sain t Lawrence outlet, all the  valleys of th a t p a rt of New Y ork east 
of lake Ontario, the valleys of the  Bay of Q uinte section of the T ren t 
system , and the valleys of Prince Edw ard county formed p a rt of a river 
system  now dismembered.

F inally , it  m ay be suggested th a t the m atu rity  of form, the  size, and  
the course toward the  deepest p a rt of lake Ontario suggest th a t the  
pre-Glacial Black river was the m aster stream  of the system . I ts  course 
and position w ith reference to the  Niagara cuesta suggest th a t it was a 
m aster subsequent stream  flowing in front of th e  cuesta westward. 
P robably some of the  stream s in the  valleys forming the  lakes on the 
upper p a rt of the T rent system  were trib u ta ry  to th is m aster subsequent 
stream  either directly or in a few cases after confluence with each other.

As has been pointed out by G rabau*  and  the w riter f  independently , 
th is m aster subsequent was probably joined, by a second m aster subse
quent from the  north, flowing south in  front of the Niagara cuesta, the  
two subsequents being confluent in  the  v icinity  of the  depression whose 
submerged portion forms B urlington bay, a t H am ilton , O n ta rio ; thence 
they  probably followed the course of an in itia l consequent stream  
through the Niagara cuesta via the D undas valley to the  E rie lowland.

*A. W. Grabau: Guide to the Geology and Paleontology of Niagara Fa lls and V icin ity. N. Y. 
State Museum Bulletin, xlv, 1901. 

f  P hysical Geology of Central Ontario. Trans. Can. Inst., vol. v ii, 1901, p. 181.




